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Abstract 
Weeds infestation is one of the yield limiting factors in Pakistan. Although chemical control of weeds is 

effective but may cause crop damage, resistance development of weeds and animal and human health 

problems. Therefore a field experiment was conducted at Agronomy Research Farm, The University of 

Agriculture, Peshawar-Pakistan to evaluate the effect of allelopathic plants water extract (Eucalyptus 

camaldulensis, Lantana camara, Parthenium hysterophorus and Sorghum halepense) and concentration 

of extracts (1:4, 1:5 and 1:6) on wheat and weed biomass during winter season 2015-16. The experiment 

was laid out in randomized complete block design using four replications. Plot size was 3m x 1.8m 

having 6 rows 30cm apart. One control plot in each replication was maintained. The plant water extracts 

in respective concentrations were sprayed one week after sowing with knapsack sprayer. The results 

indicated that plots that received Sorghum halepense water extract resulted in lower weed density (43 m-

2), fresh (102.4 g m-2) and dry (19.9 g m-2) weeds biomass. Similarly application of Sorghum halepense 

water extract in wheat crop increased emergence m-2 (89), leaf area tiller-1 (100.54 cm2), leaf area index 

(3.0), plant height (85.68 cm), biological yield (8717 kg ha-1) and harvest index (38.34%). Among 

different plant water extracts  concentration of 1:4 remarkably reduced weeds density (35 m-2), fresh (74.6 

g m-2) and dry (15.8 g m-2) weeds biomass, while application of different plant water extracts at 1:6 

concentration produced maximum emergence m-2 (90), leaf area tiller-1 (102.26 cm2), leaf area index (3.1), 

plant height (89.03 cm), biological yield (9071 kg ha-1) and harvest index (38.31%). Thus spray of 

Sorghum halepense water extract at 1:6 concentration performed better and is recommended for weeds 

suppression and enhancing wheat biomass in the study area.  

Keywords: Allelopathic plants; Water extract; Weeds biomass; Wheat  

Introduction   

Wheat (Triticum aestivum L.) is grown 

worldwide for grain production and 

especially in Pakistan in winter season. It is 

rich source of protein [1]. In Pakistan wheat 

is planted on 1980 thousand hectare 

producing 25478 thousand tons. The average 

yield was 2775 kg ha-1. The area under 

cultivation in Khyber Pakhtunkhwa was 636 

thousand hectares producing 1150 thousand 
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tons while average yield was 1807 kg ha-1 

[2].    

In Pakistan low yield of wheat is due to high 

infestations of weeds besides other problems 

which is alarming for food security [3]. 

Though effective but the non-judicious use 

of artificial chemicals may result in damage 

of crop, resistance development of weeds 

and animal and human health problems are 

also associated [4]. An appropriate way of 

decreasing the application of synthetic 

chemicals is to use of natural chemicals such 

as allelopathic plants aqueous extracts which 

not only brings improvement in crop 

production but also protects the environment 

[5]. Allelopathy is inexpensive, natural, 

environment friendly approach and organic 

phenomena which can be practiced for weed 

management in the form of water extracts, 

crop rotation, mulching and intercropping 

[6].   

Parthenium hysterophorus L. has 

allelopathic effect which considerably 

hinders the growth of many plant species in 

the environment [7]. The water extract of 

Eucalyptus camaldulensis limit growth of 

various kinds of weeds [8]. The eucalyptus 

water extract has inhibitory effect to root 

and shoot elongation of wheat crop [9]. 

Some researchers have so far worked on the 

incursion and allelopathic effects of Lantana 

camara on different agricultural crops [10]. 

Additionally, allelopathic effects of Lantana 

camara water extract on germination and 

seedling potency of crop, such as rice [10] 

and [11] and wheat [12] have been reported. 

Sorghum halepense aqueous extracts has 

potential to reduce biomass of weeds by 33-

53% which enhanced the yield of wheat 

crop (7- 14%). The present research was 

conducted to evaluate the effect of aqueous 

extracts of different plants and their 

concentrations on the weeds suppression and 

wheat biomass under the agro climatic 

condition of Peshawar.  

 

Materials and methods 
The experiment was carried out at 

Agronomy Research Farm, The University 

of Agriculture Peshawar Pakistan during fall 

season 2015-16. The experiment was 

arranged in a randomized complete block 

design (RCBD) replicated four times. A plot 

size of 3m x 1.8m having 6 rows 30cm apart 

was used. The wheat variety Atta-Habib was 

sown on November 21, 2015 at the rate of 

120 kg ha-1. One control plot having no 

plant water extract and concentration in each 

replication was maintained. The different 

plants water extract and concentration were 

sprayed after one week of sowing with 

knapsack sprayer. Recommended rate of 

fertilizer (100-90 kg NP ha-1) was applied. 

All other agronomic practices were 

maintained uniformly.   

The following factors along with their 

respective levels were studied. Allelopathic 

plant water extracts (E) as factor A 

including Eucalyptus camaldulensis, 

Lantana camara, Parthenium hysterophorus 

and Sorghum halepense. Concentration of 

extracts (C) w/v as factor B having three 

levels i.e. C1 = 1:4 (1 kg plant material and 4 

liters water), C2 = 1:5 (1 kg plant material 

and 5 liters water) and C3 = 1:6 (1 kg plant 

material and 6 liters water). 

Preparation of plant extracts 

The allelopathic plants namely Eucalyptus 

camaldulensis, Lantana camara, 

Parthenium hysterophorus and Sorghum 

halepense were harvested with the help of 

sickle. The plant materials were sun dried, 

chopped and soaked in water separately for 

48 hours in the ratio of 1:4, 1:5 and 1:6 w/v. 

The material was filtered through muslin 

cloth to collect different concentrations of 

extracts. 

Data were recorded for emergence m-2, 

weeds density and biomass, leaf area tiller-1, 

plant height, biological yield harvest index. 

Data on emergence m-2 was calculated in 

each plot by counting plants in the central 
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three rows and was changed into emergence 

m-2 by using the formula: 

Emergence m-2 = No. of seedling counted . 

   R-R distance x Row length x No. of rows  

The data on number of weeds was recorded 

at 60 days after sowing from randomly 

selected five sampling units in each plot 

with the help of iron frame of 0.5 m x 0.5 m 

sample area. Weeds were counted and 

averaged. After that, weeds fresh biomass 

was recorded by digital balance and finally 

weeds dry biomass was noted after weeds 

were sun dried. 

Area of leaf tiller-1 was deliberated by 

collecting leaves from arbitrarily selected 

five tillers from each plot at anthesis stage. 

The area of leaf was obtained from the 

product of average leaf length and average 

leaf width with correction factor (C.F) and 

total number of leaves which was then 

divided by the tillers number to find the leaf 

area tiller-1. The value of correction factor 

(C.F) used was 0.75 [13].  

Leaf area tiller-1 = No. of leaves x Avg. leaf length (cm) x Avg. leaf width (cm) x C.F  

                                Number of tillers” 

Plant height data was recorded from 

randomly chosen ten plants in every plot 

from the base of plant to top of spike by 

meter rod and then averaged. For biological 

yield the four central rows from each plot 

were harvested, weighed and changed to kg 

ha-1 by formula. 
Biological yield = Biological yield (kg) x 10000 

R- R distance x Row length (m) x No. of rows 

Harvest index was calculated for each plot 

by dividing grain yield on biological yield 

and then multiplied with 100 to get harvest 

index in percentage (%). 

Harvest index (%) = Grain yield (kg) x 100 

           Biological/ yield 

Statistical analysis/ 

Data collected were statistically analyzed 

according to the method relevant to RCBD. 

In case of significant. F-value, least 

significance difference (LSD) test was used 

for mean means comparisons of treatments 

[14]. 

 

 

 

Results 

Emergence m-2 

Data analysis showed that different plant 

water extracts, concentrations and control vs 

rest significantly affected emergence m-2 

while the interaction between extract and 

concentration was found non-significant 

(Table 1). Among extracts maximum 

emergence (89 m-2) were found in plots 

treated with Sorghum halepense water 

extract which was statistically at par (85m-2) 

with plots treated with Parthenium 

hysterophorus extract while lower 

emergence (81 m-2) was recorded in plots 

treated with water extract of Lantana 

camara which was statistically similar (83 

m-2) with Eucalyptus camaldulensis. The 

mean values for concentration (C) indicated 

that higher emergence (90 m-2) was recorded 

in 1:6 concentration while lesser emergence 

(79 m-2) were recorded in 1:4. Maximum 

emergence (85 m-2) was noted in all plots 

treated with different plant water extracts as 

compared to control (77 m-2).  
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Table 1.  Emergence m-2, leaf area tiller-1 (cm2) and leaf area index of wheat as affected by 

plant water extracts and their concentrations 

Plant Extracts (E) Emergence m-2 Leaf area tiller-1 Leaf area index 

E. camaldulensis 83 b 95.50 c 2.7 c 

L.  camara 81 b 97.13 bc  2.8 bc 

P. hysterophorus 85 ab 98.23 ab 2.9 b 

S. halepense 89 a 100.54 a 3.0 a 

LSD 5 2.40 0.11 

Concentration (kg: L-1 water)    

1:4 79 c 92.06 c 2.6 a 

1:5 85 b 99.23 b 2.9 b 

1:6 90 a 102.26 a 3.1 c 

LSD 4 2.08 0.09 

Control 77 77.40 2.1 

Rest 85 97.85 2.8 

Interaction       

E x C Ns Ns Ns 
Mean values of the same group having similar letters are non-significant using LSD test at 5% level of probability 

Leaf area tiller-1 (cm2) 

Leaf area tiller-1 varied significantly by 

different plant water extracts, their 

concentrations and control vs rest while the 

interaction of extract and concentration 

showed no significant variation (Table 1). 

Among plant extracts, maximum leaf area 

tiller-1 (100.54 cm2) was measured in plots 

treated with Sorghum halepense which was 

statistically at par with Parthenium 

hysterophorus water extract (98.23 cm2). 

Minimum leaf area tiller-1 (95.50 cm2) was 

recorded in plots treated with Eucalyptus 

camaldulensis water extract which was 

statistically at par with Lantana camara 

water extract (97.13 cm2). Mean values for 

concentrations demonstrated that higher leaf 

area tiller-1 (102.26 cm2) was recorded at 1:6 

concentration while lower leaf area tiller-1 

(92.06 cm2) was recorded at the 

concentration of 1:4. In case of planned 

mean comparison maximum leaf area tiller-1 

(97.95 cm2) was noted in all plots treated 

with different plant water extracts whereas 

control plots resulted in minimum leaf area 

(77.40 cm2) tiller-1.  

 

Leaf area index (LAI)    

A significant difference in LAI was 

observed by plant water extracts, their 

concentration and control vs rest while the 

interaction of extracts and concentration was 

found non-significant (Table 1). In case of 

plant water extracts maximum Leaf area 

index (3.0) was found in plots received the 

extract of Sorghum halepense. Minimum 

leaf area index (2.7) was recorded in plots 

treated with Eucalyptus camaldulensis water 

extract which was statistically alike with 

Lantana camara water extract. Higher leaf 

area index (3.1) was recorded at 1:6 

concentration while lower leaf area index 

(2.6) was recorded at 1:4 concentration 

Regarding planned mean comparison higher 

leaf area higher leaf area index (2.8) was 

recorded in all plots received different plant 

water extracts as compared to control. 

Weeds density (m-2)  

Statistical analysis of the data revealed that 

different plant water extracts, concentrations 

and control vs rest significantly affected 

weed density m-2 in wheat while the 

interaction of extract and concentration was 

found non-significant (Table 2).  Among 
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plant extracts maximum weeds (54 m-2) 

were found in plots treated with the extract 

of Eucalyptus camaldulensis. While less 

number of weeds (43 m-2) was recorded in 

plots treated with the water extract of 

Sorghum halepense. The mean values for 

concentration showed that more number of 

weeds (62 m-2) were found in 1:6 

concentration while more concentrated 

solution decreased number of weeds and 

minimum weeds (35 m-2) were found in 1:4. 

Reduced number of weeds (50 m-2) was 

noted in treated plots as compared to control 

(93 m-2). 

Table 2. Weed density (m-2), fresh and dry weeds biomass (g m-2) in wheat as affected by 

different plant water extracts and their concentrations     

Plant Extracts (E) Weed density (m-1) Weeds fresh biomass  

(g m-2) 

Weeds dry biomass  

(g m-2) 

E. camaldulensis 54 a 130.40 a 28.25 a 

L.  camara 53 b 109.53 a 22.57 a 

P. hysterophorus 49 b 121.40 a 24.95 a 

S. halepense 43 c 102.43 b 19.90 b 

LSD (0.05) 7 20.29 3.81 

Concentration (kg: L-1water) 

1:4 35 c 74.6 c 15.8 c 

1:5 51 b 120.8 b 25.2 b 

1:6 62 a 152.5 a 310.7 a 

LSD (0.05)  6 17.57 3.30 

Control 93 289.10 58.82 

Rest 50 115.94 23.92 

Interaction       

E x C ns ns Ns 
Mean values of the same group having similar letters are non-significant using LSD test at 5% level of probability 

Fresh weeds biomass (g m-2) 
Data about fresh weeds biomass in wheat 

crop are given in Table 2. Different plant 

water extracts, concentrations and control vs 

rest significantly affected weed fresh 

biomass (g m-2), whereas the interaction of 

extract and concentration showed no 

significant variation.  In case of extracts 

maximum weeds fresh biomass (130.40 g m-

2) was recorded in plots treated with the 

water extracts of Eucalyptus camaldulensis 

which was statistically similar with Lantana 

camara (109.53 g m-2) and Parthenium 

hysterophorus (121.43 g m-2) fresh weeds 

biomass respectively while lower weeds 

fresh biomass (102.43 g m-2) were recorded 

in plots treated with the extract of Sorghum 

halepense. In concentration, higher weeds 

biomass (152.5 g m-2) was found at 1:6 

concentration while minimum weeds fresh 

biomass (120.4 g m-2) was recorded at 1:4. 

Minimum weeds fresh biomass (115.9 g m-

2) was measured in all plots treated with 

different plant water extracts as compared to 

control which produced 289.1 g m-2 fresh 

weed biomass.    

Dry weeds biomass (g m-2) 
A significant variation in dry weed biomass 

by plant water extract, concentrations and 

control vs rest was revealed from statistical 

analysis of the data whereas interaction of 

extract and was found non-significant (Table 

2). Among extracts, maximum dry weed 

biomass (2.25 g m-2) was noticed in plots 

treated with Eucalyptus camaldulensis water 

extract which was statistically at par with 

Lantana camara (22.57 g m-2) and 

Parthenium hysterophorus (24.95 g m-2 ) 

http://dx.doi.org/10.19045/bspab.2017.600124
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while minimum dry biomass (19.90 g m-2) 

of weeds was recorded in plots treated with 

the extract of Sorghum halepense. 

Regarding concentrations higher weed dry 

biomass (31.22 g m-2) was recorded at 1:6 

concentrations, while the minimum weeds 

dry biomass (17.63 g m-2) was found at 1:4 

concentrations. Minimum weeds dry 

biomass (23.92 g m-2) was observed in all 

plots treated with different plant water 

extracts while minimum dry biomass of 

weeds (58.82 g m-2) was recorded in control 

plots.  

Plant height (cm) 

Data regarding plane height are reported in 

Table 3. It was indicated that plant height of 

wheat differed considerably by different 

plant water extracts , concentrations and 

control vs rest while the interaction between 

extract and concentration showed no 

significant variation in plant height. 

Regarding plant water extracts maximum 

plants height (87.20 cm) was gained by plots 

treated with Eucalyptus camaldulensis 

which was statistically similar with the 

extract of Sorghum halepense (85.78 cm). 

Statistically similar and minimum plant 

height (82.27 cm and 83.32 cm) was 

observed in plots received extracts of 

Parthenium hysterophorus and Lantana 

camara respectively. Taller plants (89.03 

cm) were observed in plots received the 

concentration at the rate of 1:6 while dwarf 

plants (80.36 cm) were produced by plots 

treated with the concentration of 1:4. In 

planned mean comparison taller plant height 

(84.61 cm) were maintained by all plots 

treated with different plant water extracts 

whereas dwarf plants (80 cm) were recorded 

in control plots. 

Table 3. Plant height (cm), biological yield (kg ha-1) and harvest index (%) of wheat as 

affected by plant water extracts and their concentrations  

Plant extracts (E) Plant height(cm) Biological yield (kg ha-1) Harvest index (%) 

E. camaldulensis 87.20 a 8207 b 34.97 b 

L.  camara 83.32 b 8231 b 37.48 a 

P. hysterophorus 82.27 b 8413 b 37.63 a 

S. halepense 85.68 a 8717 a 38.34 a 

LSD 1.89 285 2.03 

Concentration (kg: L-1water) 

1:4 80.36 c 7816 c 35.81 b 

1:5 84.46 b 8289 b 37.19 a 

1:6 89.03 a 9071 a 38.31 a 

LSD 1.63 247 1.75 

Control 80.00 6586 30.69 

Rest 84.61 8392 37.11 

Interaction     

E x C ns Ns ns 
Mean values of the same group having similar letters are non-significant using LSD test at 5% level of probability 

Biological weight (kg ha-1) 

Different plant water extracts, 

concentrations and control vs rest 

significantly affected biological yield of 

wheat while the interaction between extract 

and concentration did not show any 

significant difference (Table 3). Among 

plant water extracts maximum biological 

yield (8717 kg ha-1) was produced by plots 

sprayed with the extract of Sorghum 

halepense while minimum biological yield 

(8207 kg ha-1) was recorded in plots treated 
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with the extract of Eucalyptus camaldulensis 

which was statistically similar with that of 

Lantana camara and Parthenium 

hysterophorus water extract treated plots. 

The mean values for concentration showed 

that maximum biological yield (9071 kg ha-

1) was noted at 1:6 concentration while 

minimum biological yield (7816 kg ha-1) 

was recorded at concentration of 1:4. In 

planned mean comparison, control plots 

gave minimum biological yield (6585 kg ha-

1) whereas maximum biological yield (8392 

kg ha-1) was recorded in all plots received 

the extracts of different plants.  

Harvest index (%) 
The significant response of water extracts of 

different plants at various concentrations 

and control vs rest on harvest index of wheat 

is reported in Table 3. The interaction 

between extracts and concentrations did not 

show any significant response on harvest 

index of wheat. Among plant water extracts 

maximum harvest index (38.34 %) was 

recorded in plots treated with the extract 

Sorghum halepense which was statistically 

similar with that of Parthenium 

hysterophorus and Lantana camara treated 

plots. Minimum harvest index (34.97 %) 

was noticed in plots sprayed with the water 

extract of Eucalyptus camaldulensis. 

Maximum harvest index (38.31 %) was 

resulted at 1:6 concentration which was 

statistically similar with 1:5 while minimum 

harvest index (35.81 %) was recorded at 

concentration of 1:4. In planned mean 

comparison maximum harvest index (37.11 

%) was recorded in all plots treated with 

different plant water extracts as compared to 

control plots in which minimum harvest 

index (30.69 %) was recorded. 

Discussion  

Different plant water extracts and their 

concentrations significantly affected 

emergence m-2 of wheat. This might be due 

to the high level of allelochemicals which 

was toxic to wheat seedlings and hence 

inhibited their growth. Our results are 

supported by Shahid et al. [9] who explained 

that the inhibiting effect of sunflower 

allelopathy on seed germination appeared to 

be mediated during cellular disruption of 

metabolism rather than through organelle 

injury. The reserved mobilization might 

have been stopped or delayed during 

allelopathic stress consequently reduced the 

seed germination. Such results were also 

obtained by Bogatek et al. [15]. Leaf area 

tiller-1 considerably differed by the 

application of different plant water extracts 

used in various concentrations. This might 

be due to the fact that higher concentration 

of plant water extracts has inhibitory effect 

while lower concentration has stimulatory 

effect. The maximum leaf area tiller1 

obtained might be due to fewer weed density 

and hence less competition for food 

resources between weeds and crop. Thus 

crop got chance to survive freely and 

maximum leaf area was formed. Same 

results were recorded by Cheema et al. [16] 

who explained that sorghum water extract 

treated plot resulted maximum leaf area. Our 

observations are also supported by Elahi et 

al. [17] who stated that plant grow higher 

and produced enlarged leaf area tiller-1 due 

to the suppression of weeds. A significant 

increase in LAI was observed by the 

application of plant water extracts and their 

concentration. The increased in LAI might 

be due to larger leaf area tiller-1 and more 

number of tillers m-2. These findings are 

harmonious with [18] who reported that 

different plant water extract increased LAI. 

[19, 20] also noticed increased leaf area 

index when sorghum water extract was 

applied in optimum concentration. 

Statistical analysis of the data revealed that 

the concentrations of different plant water 

extracts reduced weed density in wheat. 

These results are also in line with [21, 22] 

who proved that more inhibitory effect was 

caused by high concentration. Similarly, 
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weeds density was suppressed with 

inhibitory effect of increased extract 

concentration of phenolic compounds [23, 

24]. Weeds were suppressed by application 

of different plant water extracts resulting 

low weeds density and hence low fresh 

weeds biomass.  The possible reason might 

be the presence of allelopathic compound in 

the plant extracts. More fresh weeds 

biomass was calculated in control plots as 

compared to plots treated with plant water 

extracts. [25] also stated that more weeds 

fresh biomass was noticed in control plots 

while minimum weeds fresh biomass was in 

plots sprayed with Phragmites australs 

water extract. These findings are in line with 

Rab et al. [20] and Khan [22] who reported 

maximum fresh weeds weight at lower 

extract concentration and minimum fresh 

weed weight at higher extract concentration. 

Similar reduction was also observed in dry 

weight of weeds by the application water 

extracts of different plant in various 

concentrations. Our results were also 

supported by Rab et al.  [20] and Khan [22] 

who found reduction in weed dry weight at 

higher concentration of plant water extract. 

Our findings are further supported by Awan 

et al. [26] and Arif et al. [27] who noticed 

remarkable decrease in weeds dry biomass 

with different plant water extracts. 

Plant height of wheat differed considerably 

by the concentrations of different plant’s 

water extracts. This might be due to the fact 

that high concentration of plant water extract 

has suppressive effect on plant height. Our 

observations are supported by Shahid et al. 

[9] who stated that different plant water 

extracts exhibited suppressive effects on 

height of wheat crop. [28] also proved the 

toxic effect of allelochemicals on shoot 

length. Different plant water extracts and 

concentrations significantly affected 

biological yield of wheat. Maximum 

biological yield might be due to potential of 

controlling weeds by different plant water 

extracts. Our arguments are in line with [29] 

who verified that increase in biological yield 

is due to spray of plant water extracts. The 

results are also confirmed by Awan et al. 

[26] and Khan et al. [30] who proved that 

maximum biological yield was resulted by 

spray of sunflower and sorghum water 

extract at different days after sowing. 

Improved biological yield was also reported 

by Shahid et al. [9], Rab et al. [20] and 

Khan [22] by the application of natural 

herbicides. Harvest index of wheat increased 

by the application of water extracts of 

different plants at various concentrations. 

Higher harvest index might due to better 

weeds control which enabled wheat to 

receive more nutrients. Our findings are in 

relation with [16, 18, 22, 26, 31] who noted 

remarkably enhanced harvest index of wheat 

crop over control by the application of 

different plant water extracts.   

Conclusion  

The authors were arrived at conclusion that 

Sorghum halepense water extract when 

applied at concentration 1:6 imparted better 

results in terms of wheat biomass and 

suppressing weeds as compared to control.  
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